The notion of a congruence of effective dislocation lines endowed with the nonvanishing local Burgers vector is introduced. Particularly, the class of congrunces of principal Volterratype effective dislocation lines associated with the dislocation densities (tensorial as well as scalar) is distinguished in order to investigate the geometry of continuized defective crystals in terms of these densities. It is shown that effective dislocation lines can be endowed with the dislocation line tension and with a finite self-energy.
Introduction
The straight edge dislocation has a rigorously defined plane in which it can move. The plane, called a slip plane, includes the dislocation and its Burgers vector and the dislocation motion (in the Burgers vector direction) is called then a glide motion. Likewise, a curved edge dislocation has a rigorously defined slip surface called also its glide surface. The edge dislocation is then the so-called prismatic dislocation and the slip on this surface is called a prismatic slip [1] . The planes tangent to the slip surface of a prismatic dislocation are local slip planes. For a straight screw dislocation its Burgers vector is parallel to the dislocation line.
At low temperatures when the diffusion is difficult, and in the absence of a nonequilibrium concentration of point defects, the movement of dislocations is restricted entirely to glide. However, at higher temperatures an edge dislocation can move out of the glide surface normal to the Burgers vector by a process called its climb [2] .
The glide and climb motions are two basic types of dislocation movements [2] . For example, a prismatic edge dislocation loop can move only by glide on a cylindrical surface, and if the loop expands or shrinks, climb must be occurring. There are also prismatic dislocations in the of forms of cylindrical helices. Namely, dislocations in the of forms of a long spiral have been observed in crystals [2] . The spiral dislocation lies on a cylinder whose axis is parallel to the Burgers vector, and the dislocation can glide on this cylinder. Consequently, the prismatic helical dislocation is mixed (that is it has the edge and screw components).
The slip, which is the most common manifestation of plastic deformation in crystalline solids, can be envisaged as sliding or successive displacement of one plane of atoms over another, on a distinguished slip plane (local or global). Discrete blocks of crystal between two slip planes remain undistorted [2] . Consequently, any dislocation line in the crystal can be treated as a line formed by means of a slip (homogeneous or not), such that the dislocation becomes a boundary between the slipped and unslipped parts of the crystal (e.g. [2] , [3] ). The slip direction is then parallel to the Burgers vector of the dislocation, and the slip magnitude equals the strength of dislocation (defined as the modulus of its Burgers vector). The above representation of a dislocation concerns flat as well as spatial dislocation lines [3] and the dislocations so represented are called Volterra dislocations [2] .
On the other hand, it is known that the glide motion of many dislocations results in slip, and it is observed that globally (i.e. on a macroscale) this motion is accompa-nied by the occurrence of slip surfaces [2] in which Volterra dislocations can move.
It is because, among others, the appearance of many dislocations generates a bend of originally straight lattice lines and consequently crystal surfaces being slip surfaces occur. Such crystal surfaces are called glide surfaces of Volterra dislocations. For example, in the case of the so-called single glide (in which the crystal deforms by a slip on one set of parallel crystal planes only), lattice lines originally normal to the plane of slip, form a normal congruence, i.e., the lines of the congruence are orthogonal trajectories of a family of crystal surfaces of the continuously dislocated Bravais crystal [4] , [5] .
We see that, in a continuized crystal with many dislocations [5] , the line being a boundary between slipped and unslipped parts of the crystal and located on a slip surface can be distinguished. This line can be endowed, in the framework of the geometrical theory of dislocations, with the Burgers vector [5] as well as with the socalled local Burgers vector tangent to the slip surface along the line everywhere (Section 2 and e.g. [6] , [7] ). The line endowed with a local Burgers vector nonvanishing everywhere is called a Volterra-type effective dislocation line (Sections 3 and 4). The glide motion of a Volterra-type effective dislocation can be considered as a mesoscopic elementary act of macroplasticity. More generally, we can extend this definition of effective dislocations on each smooth curve (flat or spatial) that can be endowed with the local Burgers vector nonvanishing everywhere. We consider also dislocation lines understood in this broader sense (Sections 2 and 3). It is shown that effective dislocation lines can be endowed with the dislocation line tension and with a finite self-energy (Section 7).
It is known that the occurrence of many dislocations in a crystalline solid is accompanied with the appearance of point defects created by the distribution of dislo-cations [8] . The influence of these secondary point defects on metric properties of a continuously dislocated Bravais crystal can be modeled by the assumption that the body under consideration is additionally endowed with such Riemannian internal length measurement that reduces to the Euclidean metric of the body if dislocations are absent (Section 2; see also [5] and [6] ). The influence of secondary point defects on the slip phenomenon can be then taken into account by means of the treatment of congruences of effective dislocation lines as those located in the Riemannian material space, and slip and crystal surfaces can be represented by 2-dimensional submanifolds of this space (Sections 2, 5 and 6). Note, that the such surfaces can be, at least locally, observed in the Euclidean ambient space of the dislocated crystalline body. It is because these surfaces can be locally isometrically embedded into this Euclidean space [9] . For example, crystal planes can be represented in the material space by the so-called totally geodesic surfaces [10] , being an evident Riemannian generalization of planes of Euclidean 3-space (Section 5). 
Local Burgers vector
The material structure of the body under consideration is defined as a continuous limit approximation of a Bravais crystal with many dislocations (see [5] , Introduction 
where, according to the assumed dimensional convention, we have:
Note that although translational symmetries of the crystal are lost in the above mentioned continuous limit approximation, the base vector fields of a Bravais moving frame can be considered as those that define scales of an internal length measurement along local crystallographic directions of the dislocated Bravais crystal (Section 1). Namely, we can define the following intrinsic material metric tensor g of an internal length measurement within the dislocated Bravais crystal [5] :
where 
the Stokes theorem in a Riemannian manifold (e.g. [13] , [14] ) states that the compo-
b γ can be written in the following form [5] :
is an unit vector field normal to the surface element of , and 
where g ω is the volume 3-form and Eqs. (2.2) and (2.4) were taken into account.
Let us rewrite Eq. (2.9) in the following form:
Since the quantity has the same dimension as the components of a Burgers vector have, the object is usually considered as a continuum local version of this vector [15] (see also e.g. [16] ). We will not consider this infinitesimal continuum version of the Burgers vector but we will define the local Burgers vector as a vector field b tangent to a a In other cases the effective dislocation line is called mixed. 
Introducing designations: Particularly, it is the edge dislocation line iff (2.27) 0, = lγl or it is the screw dislocation line iff
The local movement of an effective edge dislocation line is limited to a specific local plane. Although the local movement of an effective screw dislocation can also be envisaged to take place in a local slip plane, nevertheless the line of the screw dislocation and the local Burgers vector do not define a unique plane. 
Principal congruences
where, according to Eqs. (2.2) and (2.4), should be: where, taking into account that ( )
, , l l l is an ordered triple of vector fields, we have: , π E E of planes (see [5] , Appendix) consists of local crystal planes being virtually local slip planes, then we can take without loss of generality that 
then we obtain the case of uniformly dense distribution [5] of principal effective edge dislocations of Bianchi-type V considered in [18] .
Note that if 
Foliation
Let be a Bravais moving frame and let denote a family of local crystal planes spanned by the base vector fields and . We will assume that the Riemannian material space ( a ; a=1, 2,3
is given by
Eqs. (2.2)-(2.4), is foliated by such two-dimensional distribution of local planes [5] . 
We will assume that additionally, the following condition is fulfilled:
where H is a -function on C 
where the coefficients g αβ have the following particular form:
The hypersurfaces , , are said then to be geodesically parallel to the hypersurface and their metric tensors are given respectively by: 
and the corresponding eigenvalues are given by: 
, π e e . Thus, it is a congruence of effective dislocation lines being intersections of two orthogonal families of surfaces embedded in g B : umbilical crystal surfaces (on which the dislocations are located; see [5] and Section 5) and slip surfaces (in which the dislocations can move). We will assume additionally that the crystal surfaces are minimal varieties in The crystal surfaces defined in this manner are totally geodesic surfaces and thus the vectors normal to these surfaces are parallel in the enveloping material space [10] , that is (6.11) 3 0, ,
where Eq. (6.6) was taken into account. The totally geodesic (crystal) surfaces are an evident generalization of (crystal) planes of Euclidean 3-space [10] .
It is known that a dislocation of torsion zero lying in a Euclidean plane experiences a static straightening force per unit length of dislocation, acting against the direction of the curvature vector κ of Eq.(4.7) and tending to straighten the line [2] , that is the force F such that [17] (6.12) A dislocation line in a crystal will remain curved only if there is a shear stress that produces a force on the dislocation needed to maintain its curvature [2] . So, let T be a symmetric tensor defined in the material space . We see that the considered congruence of effective prismatic edge dislocation lines can be endowed with a finite selfenergy [17] . ( ) 2 3 , π e e
, π e e )
